A strictly anaerobic, homoacetogenic, Gram-positive, non spore-forming bacterium, designated strain SR12T (T = type strain), was isolated from an anaerobic methanogenic digestor fed with olive mill wastewater. Yeast extract was required for growth but could also be used as sole carbon and energy source. Strain SR12T utilized a few carbohydrates (glucose, fructose and sucrose), organic compounds (lactate, crotonate, formate and betaine), alcohols (methanol), the methoxyl group of some methoxylated aromatic compounds, and H2+C02. The end-products of carbohydrate fermentation were acetate, formate, butyrate, Hz and COz. End-products from lactate and methoxylated aromatic compounds were acetate and butyrate. Strain SR12T was non-motile, formed aggregates, had a G+C content of 55mol % and grew optimally at 35°C and pH7.2 on a medium containing glucose. Phylogenetically, strain SR12T was related to Eubacterium barkeri, E. callanderi, and E. lilnOSU7lZ with E. barkeui as the closest relative (similarity of 98%) with which it bears little phenotypic similarity or DNA homology (60%). On the basis of its phenotypic, genotypic, and phylogenetic characteristics, we propose to designate strain SR12T as Eubacterium aggregans sp. nov. The type strain is SR12T ( = DSM 12183).
Introduction
one-carbon compounds such as methoxyl groups from aromatic compounds, methanol, formate, CO, A large number of anaerobic acetogenic and sulfate-H,, CO,, betaine, sarcosine, and methylamine. Acetate reducing bacteria are involved in the degradation of is the main end product produced from these -- 
Materials and Methods

Sozrrce of strains
Strain SR12= was isolated from enrichment cultures from an anaerobic methanogenic digestor fed with olive mill wastewater. Liquid samples were collected anaerobically from the digestor using Nz-flushed syringes and inoculated into the basal medium. Eubacterium baulceri (DSM 1223) used as a reference culture was purchased from the DSMZ-Deutsche Sammlung von Microorganismen und Zelkulturen GmbH, Braunschweig, Germany. The reference culture was routinely grown using glucose containing basal medium.
Czilture media
The basal medium used for enrichment, isolation, and cultivation was prepared using anaerobic techniques
. 112-141. It contained (per liter of deionized water): 1 g NaC1, 0.1 g of CaC12.2Hz0, 0.2 g of MgC1z.6Hz0, 0.1 g of KCI, 0.5g of cysteine-HC1, l g of yeast extract
(Difco Laboratories), 1.5 ml of trace element solution [151, and 1 mg of resazurin. pH was adjusted to 7 with 10M KOH solution, the medium was then boiled under a stream of 02-free NZ gas and cooled to room temperature. Five-milliliters aliquots of basal medium were dispensed into Hungate tubes, and subsequently sterilized by autoclaving at 110°C for 45min. Prior to culture inoculation, 0.2ml of 5% (w/v) NaHC03 and 0.05ml of 2.5% (w/v) Na2S.9Hz0 were injected from sterile stock solutions into the tubes.
of NH4C1, 0.3 g of KzHP04, 0.3 g of KHzPO4, 0.6 g of
Enrichment and Isolation
A 0.5-ml aliquot of sample was inoculated into Hungate tubes containing 5ml of basal medium and 5mM syringic acid. Tubes were incubated at 37°C. To obtain pure cultures, the enrichment was subcultured several times under the same growth condition and subsequently serially diluted ten-fold in roll tubes containing basal medium, 5mM syringic acid and 1.6% agar. Single colonies that develbped were picked up and this procedure was repeated several times until only one type of colony was observed. 
Substrate utilization
pH, Temperature, aizd NaCl coizceiztratioiz raizges
The pH of the pre-reduced anaerobic basal medium was adjusted by injecting 5% NaHC03, 5% Nazco3, or 0.1M HC1 to give a pH range between 5 to 9.5. Appropriate amounts of NaCl was weighed directly into Hungate tubes prior to dispensing of 5ml of the medium to give the desired concentration (range O to 40 g/L). The temperature range for growth was tested from 15 to 45°C.
Light nzicroscopy aizd electron microscopy
Light microscopy and electron microscopy observations were performed as described previously 1161.
Analytical methods
Growth was measured at 580nm by inserting anaerobic Hungate tubes directly into the cuvette holder of a Shimadzu Model UV 160A spectrophotometer. Aromatic compounds were quantified using a ConstaMetric 200 LDC-Analytical High Performance Liquid Chromatograph (HPLC) equipped with a Cl8 Symmetry 5-pm particle size column 250 by 4.6 (inside diameter) mm (Waters Chromatography), a Shimadzu SPD-GA UV detector at 240nm and a CR-6A Shimadzu integrator. The column temperature was maintained at 35°C. An isocratic mobile phase of 30:69.5:0.5 (v:v:v) acetonitrile/distilled water/acetic acid was used at a flow rate of 0.6mL/min. The volume of the injection loop was 20 pL. Volatile fatty acids, ethanol, glycerol, and carbohydrates were measured using HPLC (Spectra Series 100 model, Thermo Separation Products) equipped with an Aminex HPX-87X 300 by 7.8-mm (inside diameter) column (Bio-Rad Laboratories) and connected to a differential refractometer (RID-GA Shimadzu). Analysis was performed using a CR-6A Shimadzu integrator. The mobile phase was 0.005 M H2S04 at a flow rate of 0.5 mL/min, and the column temperature was 35°C. The volume of the injection loop was 20 pL.
Deternziization of G+C conterzt
The G+C content of DNA was determined at DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany. The DNA was isolated and purified by chromatography on hydroxyapatite, and the G-tC content was determined by HPLC [17] . Nonmethylated lambda DNA (Sigma) was used as the standard.
DNA-DNA hybridization
DNA was isolated by the method of Cashion et al. [191. DNA-DNA hybridization was performed at the DSMZ and carried out as described by De Ley et al. [20] , with the modification described by Escara and Hutton [21] and Huss et al. [22] using a Gilford System model 2600 equipped with a Gilford model 2527-R thermoprogrammer and plotter. Renaturation rates were computed with the TRANSFER.BAS program by Jahnke and Bahnweg 1231 and Jahnke [241.
D N A extraction and aiizplificatiorz of 16s r R N A genes
DNA was extracted from the isolate as described previously [25] . The universal primers Fdl and Rdl were used to obtain a PCR product of approximately 1.5 kb. A 50-pL reaction contained 1-20 ng of genomic DNA, 1pM of each primer, 5pL of 10 x buffer, 200 pM of dNTP, 3.5 mM of MgCI2, and 2.5 U of Taq polymerase (Promega). PCR was carried out by an initial denaturation at 94°C for 7 min, then 29 cycles of annealing at 55°C for 2 min, extension at 72°C for 4min, denaturation at 94°C for 1 min, and finally an extension cycle of 55°C for 2min, and 72°C for 20min.
Direct sequencing of PCR products
PCR products were purified using QIAquick Kit (Qiagen). The DNA concentration of the purified PCR product was estimated by comparison with the Low Mass Ladder (Gibco BRL) on an ethidium bromide containing agarose gel. Sequencing was carried out on an ABI 373A sequencer using the ABI PRISM Dye Terminator Cycle Sequencing Kit containing AmpliTaq FS DNA polymerase using the following conditions. A 10-pL reaction containing 35ng of PCR product, 4pL of cycle sequencing reaction mix, 3.2 pmol of primer 1251, and 2.5 pg of BSA. Thermal cycling was carried out using a Rapid Cycler (Idaho Technology) at a temperature transition slope of 2, an initial denaturation of 94°C for 15s, followed by 25 cycles of denaturation at 94°C for O s, annealing at 50°C for 10 s, extension at 60°C for 3min.
Sequence nlignments and phylogenetic inferences
The new sequence data that was generated was assembled, aligned to an almost full length consensus 16s rRNA gene sequence assembled and checked for accuracy manually using the alignment editor, ae2 [26] . The sequence was compared with other sequences in the GenBank database 1271 using BLAST [281, and in the Ribosomal Database Project, version 5.0 using SIMILARITY -RANK and SUG-GEST-TREE [26] . Reference sequences most related to our newly generated sequences were extracted from these databases and aligned. Sequences for Acetobacterium woodii, A. malicunz, A. pnludosum, A. fimetariuni, A. bak.ii and E. callnnderi (accession numbers X96954, X96957, X96958, X96959, X96960, and X96961, respectively), were extracted from EMBL. Positions of sequence and alignment uncertainty were omitted from the analysis. Pairwise evolutionary distances based on 1198 unambigious nucleotides were computed using dnadist (Jukes and Cantor option) and neighbor-joining programs that form part of the PHYLIP suite of programs 1291. TREECON was used extensively for bootstrap analysis [301.
Results
Enrichment and isolation
After 2 weeks of incubation at 37T, a positive growth was obtained in the enrichment culture as indicated by syringate degradation and acetate production. Pure cultures were checked microscopically for culture purity and for aromatic compound degradation. A culture designated strain SR12T was used for further characterization studies.
Cellular morphology
Cells of strain SR12T were rod shaped measuring 2 to 3pm long by 0.4 and 0.8pm wide. Spores were not seen in late exponential growth phase and for cultures grown under di€ferent conditions. However, growth occurred in fresh medium after inoculation of cultures that had been incubated for 10min at 80°C, 90°C, but not at 100°C indicated cellular thermal resistance and the probability that resistant bodies were present. Cells were non-motile and no flagella were observed in negative stained preparations using electron microscopy (Fig. la) . The cells stained Gram-positive and electron micrographs of thin sections of the cells showed the presence of a thick bilayered cell wall structure resembling Gram-positive type cell walls (Fig. lb) . Cells of strain SR12T formed extensive aggregates (Fig. IC ), but were freed by vigorous vortexing. Examination of ultrathin section of cells identified numerous projections from the cell wall surface resembling extracellular glucocalix matrix, which is most likely to be responsible for cell aggregation (Fig. Id) .
Temperature, pH, and NaCl concentration ranges
The temperature range for growth was 20 to 42"C, with an optimal growth occurring at 35°C. The pH range for growth was between pH 6.0 and 9.0 with an optimum of pH7.2. NaCl concentration range for growth was between O to 35g/L with no growth occurring at 40 g/L.
Substrate utilization
Yeast extract was required for growth and could be used as sole carbon and energy source. carboxyl group ortlzo-positioned (2-methoxybenzoate, 2,6-dimethoxybenzoatef 2,5-dimethoxybenzo-7 ate), or with meta-positioned methoxyl group (3,5-dimethoxybenzoate) , or without any ortho-posi-) tioned methoxyl or hydroxyl group (3-or 4-methoxybenzoates and 3-or 4-methoxybenzaldehydes) were not used.
Fermentation end products
Fermentation end products from glucose utilization were H2, COP, formate and butyrate; from sucrose and fructose were H2, CO2, acetate and butyrate; from methanol and betaine were acetate; from lactate and crotonate were formate, acetate and butyrate; and from H2+C07 were formate and acetate (Table 1) . Acetate, butyrate, and the corresponding hydroxylated aromatic compounds were the end products from the fermentation of 2-methoxyphenol, 3,4-, 2,3-dimethoxybenzoates, 3,4-dimethoxybenzaldehydef 3,4,5-trimethoxycinnamate, 3,4,5-trimethoxybenzoate, 4-hydroxy 3,5-dimethoxybenzoate, 4-hydroxy-3,5-dimethoxycinnamate, 3-hydroxy-4-methoxybenzoate, 4-hydroxy-3-methoxybenzoate, 4-hydroxy-3-methox ycinnamate, 3-hydroxy-4-methoxycinnamate, 3-hydroxy-4-methoxybenzaldehyde, 4-hydroxy-3-methoxybenzaldehyde, and 4-hydroxy-3-methoxycinnamylalcohol. Aromatic compounds possessing an aldehydic group were oxidized to their corresponding carboxylic group.
E Eiibacteriiiiii barkeri Eubacterinnt aggregaiis
Electron acceptors utilization 100 Sulfate, thiosulfate, sulfite, nitrate, elemental sulfur, or fumarate could not be used as electron acceptors in basal medium containing 5 mM syringate as the electron donor.
G+C content and DNA-DNA relatedness. The G+C content of strain SR12T was 55mol% (HPLC). 'The Pseudornmibacter alactolyticus level of DNA-DNA relatedness between strain SR12T and Etibacteriuin barlceri was 59.5%.
16s rRNA sequence analysis
Using 12 primers, we determined an almost complete sequence consisting of 1509 bases of the 16s rRNA gene of strain SR12T (corresponding to E. coli position 14 to 1539 [311). Phylogenetic analysis revealed that strain SR12T was a member of cluster XV, the low G+C containing Gram-positive branch [32] . The closest relative were Eubacterizlm barlceri (similarity average of 98%) and E. callanderi and E. limos& (similarity average of 95%). [32] . Sequences for Acetobncteriiim zooodii, A. mnliciiin, A. pnltidosiinz, A. fimetnriiim, A. bnkii, and Eiíbncteritint cnllnnderi (accession numbers X96954, X96957, X96958, X96959, X96960, and X96961, respectively) were extracted from EMBL. Other sequences were obtained from the Ribosomal Database Project, version 5.0 [26] . Bootstrap values, expressed as a percentage of 100 replications, are shown at branching points. Only values above 90% were considered significant and reported. Scale bar indicates 10 nucleotide substitution per 100 nucleotides. 
*
Nucleotide sequence accession number
The 16s rRNA gene sequence of strain SR12T has been deposited in the GenBank database under accession number AF013898.
Discussion
Strain SR12T is a Gram-positive obligate anaerobe that is rod-shaped, non-motile, and saccharolytic. The main end products of glucose fermentation are butyrate, formate, H2 and CO2. Phylogenetically strain SR12T is a member of cluster XV of the low G+C containing Gram-positive Clostridiuni and related genera [32] . The closest relative is E. barkeri (similarity value of 98%), with E. limosum and E. callanderi equidistant from strain SR12T at a similarity value of 95%. However, strain SR12T differs significantly both phenotypically and genotypically from its closest relative, E. barlceri (Table 2 ). The DNA-DNA relatedness value between the two strains was 59.5%. Eubacterium barkeri has a G+C content of 48% (determined by DSMZ by HPLC), and optimum growth temperature of 30°C, forms terminal spores, and uses mannitol, pyruvate, glycerol, and ribose. In contrast, strain SR12T has a G+C content of 55 mol %, an optimum growth temperature of 35"C, and does not utilize mannitol, pyruvate, glycerol, and ribose. In addition, strain SR12T uses sucrose and methoxylated aromatics, E . barkeri does not. The DNA homology between the two strains is also low (60%). Although strain SR12T is an aromatic o-demethylating bacterium and similar to E. callanderi and E. limosum, there are several differentiating phenotypic and genotypic characteristics ( Table 2 ). The most significant difference is the G+C content of the DNA of the latter which is 47mol % as opposed to strain SR12T which is 55mol %. Strain SR12T also differs from E. callanderi in its ability to use one carbon compounds and in the fermentation end products produced from methoxyl groups, which are acetate and butyrate for SR12T but The o-demethylation of aromatic compounds by strain SR12T is similar to that observed in cell-free extracts of Holofaga foetida grown on 3,4,5-trimethoxybenzoate [341. Holofaga foetida also demethylates various phenyl methyl ethers with at least one orthopositioned methoxyl group and also contained a decarboxylase. However decarboxylation has not been observed following o-demethylation of aromatic compounds by strain SR12T. The specificity of the CTdemethylation was also described in Moorella thennoacetica [32, 35] . However, 3,4-dimethoxybenzoate and 3,4,5-trimethoxybenzoate are not utilized by M . therrnoacetica but utilized by strain SR12T. In addition, 2-methoxybenzoate supports growth of M . theunzoacetica but not that of strain SR12T. Based on these two observations we suggest that the specificity of odemethylation in these two strains is different and propose to designate strain SR12T as Eubacterium aggregaizs sp. nov.
Descriptioiz of Eubacterium aggregans sp. nov.
Eubacterium aggregans (ag'gre.gans. L. v. aggregare, to flock or band together; L. pres. part. aggregans, assembling, aggregating). Cells are non-spore forming, 2-3ym by 0.4-0.8ym, non-motile and stained Gram positive. The temperature range for growth is 20 to 42°C and the optimum temperature is 35°C. The pH range for growth is 6 to 9 and the optimum is 7.2. Growth occurs with NaCl concentration of O-3.5%. Utilizes glucose, fructose, sucrose, lactate, formate, methanol, H2+C02, betaine, crotonate, and methoxyl groups from the following compounds: 2-methoxyphenol, 3,4-, 3,5-dimethoxybenzoates, 3,4-dimethoxybenzaldehyde, 3,4,5-trimethoxycinnamate, 3,4,5-trim&hoxybenzoate, 4-hydroxy-3,5-dimethoxybenzoate, 4-hydroxy-3,5-dimethoxycinnamate, 3-hydroxy-4-methoxybenzoate, 4-hydroxy-3-methoxybenzoate, 4-hydroxy-3-methoxycinnamate, 3-hydsoxy-3-methoxycinnamate, 3-hydroxy-4-methoxybenzaldehyde, 4-hydroxy-3-methoxybenzaldehyde, and 4-hydroxy-3-methoxycinnamylalcohol. No growth occurs with xylose, sorbose, galactose, myoinositol, lactose, cellobiose, xylan, and cellulose. Isolated from a digestor loaded with olive mill wastewater. The type strain is SR12T and has been deposited in the German culture collection as strain DSM 12183. 
